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A  device  is  described  which  is  incorporated  within  a  pilot's 
flying  glove  to  measure  forces  exerted  by  the  pilot  on  the  control 
column  of  an  aircraft  during  flight  tests. 


This  device  enables  a  test  pilot  to  obtain  a  quantitative 
measurement,  rather  than  a  subjective  estimate,  of  'stick'  force 
which,  together  with  the  observation  of  normal  load  factor  and 
variation,  in  airspeed,  enables  the  calculation  of  parameters  such  as 
'stick  force  per  g'  and  'stick  force  gradient'  in  non-manoeuvring 
flight. 


This  device  is  Independent  of  aircraft-integral  fli^^t  test 
instrumentation  and  can  thus  be  used  in  any  aircraft  being  flight 
tented.  ^ 
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A  DEVICE  FOR  MEASUREMENT  OF  CONTROL  COLUMN  FORCES  IN  AIRCRAFT 


SUMMARY 


A  device  ie  described  which  Is  Incorporated  within  a  pilot's  flying 
glove  to  measure  forces  exerted  by  the  pilot  on  the  control  column  of  an 
aircraft  during  flight  tests. 

This  device  enables  a  test  pilot  to  obtain  a  quantitative  measurement, 
rather  than  a  subjective  estimate,  of  'stick*  force  which,  together  with  the 
observation  of  normal  load  factor  and  variation,  in  airspeed,  enables  the 
calculation  of  parameters  such  as  'stick  force  per  g*  and  'stick  force  gradient' 
in  non-eianoeuvrlng  flight. 

This  device  is  Indapendtmt  of  aircraft-integral  flight  test 
instrumentation  and  can  thus  be  used  in  mny  aircraft  being  flight  tested. 
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A  DEVICE  FOR  MEASUREMENT  OF  CONTROL  COLUMN  FORCES  IN  AIRCRAFT 


1.  INTRODUCTION 

1.1  Informal  discussions  within  the  Aircraft  Research  and  Development  Unit 
(ARDU)  and  the  Advanced  Engineering  Laboratory  proposed  the  manufacture  of  the 
prototype  device  described  herein  which  is  the  subject  of  the  Reference  A  patent 
action.  The  requirement  was  to  replace  existing  subjective  methods  used  by  test 
pilots  to  estimate  control  column  'stick'  force  during  evaluation  manoeuvres 
with  a  quantitative  force  measurement  determined  independently  of  the  aircraft 
being  flown. 

1.2  This  resulted  in  the  device  described  herein  whereby  control  column 
('stick')  force  is  measured  in  engineering  units  by  a  differential  arrangement 
of  semiconductor  strain-gauge  pressure  transducers  incorporated  within  a  pilot's 
flying  glove  and  displayed  on  wrist-mounted  or  other  conveniently  located 
digital  displays.  The  device  is  self-contained,  being  powered  by  conventional 
dry  cell  batteries  contained  within  the  cuff  of  the  glove,  and  requires  no 
interface  with  aircraft  systems. 

1.3  The  unique  nature  of  this  concept  appeared  to  warrant  a  Patent 

Application  by  the  Commonwealth  of  Australia  (provisional  Patent  Application  No 
PF4452  of  16  June  1982). 

1.4  Evaluation  of  a  prototype  device  wm  carried  out  by  a  number  of  ARDU 

test  pilots  on  a  range  of  aircraft  during  1980/81  and  several  resulting 

suggestions  for  improvement  were  incorporated.  The  prototype  device,  whilst 
practical  and  usable  as  an  evaluation  tool,  is  an  interim  design  and  further 
development  is  recommended. 

1.5  Existing  methods  of  control  force.. jne^urement  are: 

a.  subjective  estimation  by  the  pilot;  and 

b.  measurement  of  control  force  by  means  of  a  hand-held  spring 

balance  attached  to  the  control  column. 

More  rigorous  measurement  is  possible  by: 

c.  post-flight  measurement  through  a  flight  test  inatrumentat- 

ion/analysls  system  (eg  strain-gauged  control  column/Aircraft 
Flight  Test  Recording  and  Analysis  System  (AFTRAS)/ 'Quick-Look' 
Primary  Analysis  Processor  (PAP),  Reference  B);  and 

d.  real-time  measurement  by  strain-gauged  control  column  and 

transmission,  together  wil^  other  transducer  teat  data,  to  a 
ground  analysis  station  by  means  of  a  telemetry  system. 

1.6  Methods  c  and  d  apply  to  the  case  of  engineering  analysis  of  an 
instrumented  flight  test  aircraft  where  the  scale  of  the  task  warrants  tiie 
expense  of  instrumentation,  eg  weapons  clearance  tests,  aerodynamic  flutter 
tests  and,  aa  auch,  are  beyond  the  scope  of  the  present  report.  In  less 
compr^ensive  performance  and  handling  assessments,  known  as  Preview  Tests, 
especially  where  idie  time  available  for  test  is  limited,  eg  Reference  C 
evaluation  of  an  aircraft  on  a  sales  tour,  a  simple  yet  accurate  device  is 
highly  desirable. 


1.7  Subjective  estimation  of  control  forces  by  the  pilot  provides  unsatis¬ 
factory  estimation  accuracies  due  to  a  pilot's  Judgement  depending  largely  on 
his  experience  and  currency  in  this  type  of  testing.  The  use  of  a  hand-held 
spring  balance  is  both  awkward  and  potentially  hazardous,  due  to  the  extraneous 
equipment  required  to  be  handled,  connected  to  the  control  column  and/or  stowed 
in  the  confines  of  the  cockpit. 


2.  PURPOSE 

2.1  The  purpose  of  the  device  was  to  enable  a  test  pilot  to  obtain  regular 
measurements  of  instantaneous  values  of  the  force  being  applied  at  the  hand  grip 
of  the  control  column  during  appropriate  phases  of  aircraft  performance  and 
handling  tests.  By  remembering,  logging  or  orally  recording  such  instantaneous 
values,  together  with  simultaneous  readings  of  the  aircraft  'g*  meter,  the 
parameter  'stick  force  per  g'  can  be  derived  for  given  manoeuvre  conditions,  eg 
speed  and  altitude.  This  parameter  is  especially  valuable  in  assessing 
effectiveness  of  the  aircraft  control  system  interface  with  ' man-in- the-loop ' . 
The  concept  of  'stick  force  per  g*  and  its  utility  in  flight  test  is  discussed 
in  Annex  A. 


3.  DESCRIPTION  OF  THE  DEVICE 

3.1  Conceptual  Design.  The  concept  for  the  device  was  to  incorporate  two 
pressure  pads  within  a  pilot's  flying  glove  arranged  differentially  to  remove 
the  squeezing  effect  of  the  pilot's  hand  on  the  control  grip,  thus  measuring 
only  the  control  force  applied  by  the  pilot. 

3.1.1  Figure  3.1  depicts  the  force  vectors  measured  by  this  means,  ie  forces 
applied  to  the  control  colunn  in  the  longitudinal  (forward  and  aft)  and 
transverse  (left  and  rigiit)  directions. 
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3.1.2  Figures  3.2  to  3'. 4  show  the  arrangement  of  pressure  pads  on  a  right 
hand  glove  to  achieve  these  measurements.  One  pressure  pad  is  arranged  to  bridge 
across  the  two  central  fingers  leaving  the  index  finger  and  the  little  finger 
free  to  actuate  intercom,  trim  and  weapons  release  control  and  switches,  whilst 
the  other  pad  is  arranged  across  the  palm  at  the  heel  of  the  thumb.  The  central 
fingers  apply  pressure  through  the  finger  pad  when  pulling  back  on  the  control 
coluim  and  when  pulling  to  the  right  and  the  palm  applies  pressure  through  the 
palm  pad  when  pushing  forward  on  the  control  column  and  when  pushing  to  the 
left.  In  a  roll  manoeuvre,  rotating  the  hand  slightly  in  an  anti-clockwise 
direction  ensures  that  the  pads  are  aligned  along  the  sides  of  the  handgrip  and 
allows  the  finger  pad  to  measure  force  applied  towards  the  right  and  the  palm 
pad  to  measure  force  applied  to  the  left.  Thus,  the  reaction  of  the  hand 
controller  on  a  pressure  pad  provides  a  measure  of  control  pressure  and,  since  a 
flat  plate  of  known  size  (bearing  area)  is  arranged  to  back  each  pressure  pad, 
the  resultant  force  acting  in  a  direction  normal  to  the  pressure  pad  can  be 
measured. 


FIGURE  3.2 
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3.2  Mechanical  Arrangement.  An  assembly  drawing  of  the  instrumented  glove 
is  shown  in  Annex  B.  The  arrangement  of  pressure  pads  containing  a  silicone 
fluid  is  shown  at  AA  (finger  pads)  and  at  BB  (palm  pad)  together  with  display 
unit  and  electronics  (force  indicator)  assembly  on  the  outside  of  the  glove  with 
the  battery  pack  mounted  on  the  inside  of  the  cuff. 

3.3  Electronic  Arrangement.  The  electronic  arrangement  is  depicted  in  the 
circuit  diagram  of  Annex  C.  Outputs  from  each  of  the  two  (different)  National 
Semiconductor  strain  gauge  pressure  transducers  LX1620G  (finger  pad)  and  LX1610G 
(palm  pad)  eure  fed  separately  through  inverting  offset  amplifiers  (nominal  gain 
0.5)  and  then  scaled  by  variable  gain  inverting  amplifier  stages.  Both  signals 
are  then  fed  to  the  differential  input  of  an  Intersil  ICL  7106  digital  voltmeter 
chip  of  Sii  digits  capacity  which  provides  a  force  difference  measurement  (ie 
eliminating  squeeze  effect)  in  engineering  units  at  the  liquid  crystal  display 
(LCD).  Possible  future  improvements  to  this  basic  circuit  include  a 
•battery-low'  indicator  and  a  peak  force  sample  and  hold  facility. 

4.  UTILIZATION 

4.1  Aircraft  Types.  The  device  as  prototyped  was  intended  for  use  in  fixed 
wing  aircraft  having  a  control  column  with  a  hand  control  grip.  Some  examples  in 
the  RAAF  inventory  are: 

Mirage 
Macchi 
Air trainer 
F-lllC 

4.1.1  The  device  may  also  have  application  to  rotary  wing  aircraft  such  as: 

Iroquois 
Chinook 
Bell  206B-1 

for  stability  and  ergonomic  studies. 

4.1.2  Newer  aircraft  having  force-actuated  rather  than  displacement-actuated 
controllers,  such  as  F-16,  should  also  be  amenable  to  flight  test  evaluation 
through  the  use  of  this  device  for  ergonomic  studies.  In  these  cases,  as  for  the 
Mirage  III,  an  additional  display  device  can  be  mounted  elsewhere  as  convenient 
for  better  visibility  by  the  pilot  (Annex  D). 

4.2  In-Flight  Use.  For  any  particular  aircraft  under  flight  test  evaluat¬ 
ion,  the  pressure  pad  orientation  on  the  glove  should  be  optimized  by  the  pilot 
to  ensure  that: 

a.  there  is  adequate  bearing  area  between  the  sensor  pads  and  the 
hand  grip  when  actuating  the  control  in  both  longitudinal  and 
transverse  directions; 

b.  the  sensor  pads  are  orimted  normal  to  these  directions  whilst  the 
pilot's  hand  rests  in  a  naturally  comfortable  unstrained  position 
on  ^le  control  grip;  and 

c.  the  pilot  is  able  to  actuate  eas«ntial  switchea  on  the  control 
grip  conveniently  whilst  his  hand  ia  oriented  for  the  necessary 
measuremsnt  fmetien. 
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4.2.1  To  this  end,  the  pressure  sensing  pads  are  relocatable  on  velcro 
backing  to  allow  alignment  as  required  for  a  given  pilot  in  a  particular 
aircraft  test. 

4.2.2  The  device,  as  prototyped,  is  not  configured  for  use  with  wheel  type 
controls  but  could  be  adapted  to  be  so  (ie  tangential  force  clockwise  and 
anti-clockwise,  and  push-pull  force).  Also  a  variation  of  the  device  could  be 
incorporated  within  a  pilot's  flying  boots  for  rudder  pedal  force  measurement. 
Pressure  pads  mounted  as  appropriate  under  the  soles  of  a  pair  of  flying  boots, 
for  example  by  means  of  a  light  webbing  harness  or  overboot,  would  enable  left 
and  right  rudder  pedal  force  to  be  measured  and  displayed  or  recorded  as 
required. 
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5.  CONCLUSIONS  AtTO  RECOMNENDATIONS 


5.1  A  device  for  measurenent  of  control  colunn  forces  in  aircraft  has  been 
described  which  facilitates  quantitative  measturenent  of  stick  force  and  hence 
the  derivation  of  the  parameter  'stick  force  per  g'  during  flight  tests.  This 
device  is  self-contained  in  a  pilot's  flying  glove  and  represents  a  considerable 
advance  over  the  previous  preview  technique  of  attaching  a  spring-balance  to  the 
control  column  in  flight. 

5.2  A  prototype  unit  has  been  used  at  ARDU  and  further  evaluation  of  the 
display  is  in  progress  to  allow  sampling  and  holding  of  peak  force  values 
experienced  during  a  tr ana lent  manoeuvre. 

5.3  This  device  is  patented  by  the  Commonwealth  of  Australia  (PF4452  of 
16  June  1962). 
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ANNEX  A  TO 
REPORT  NO  TN  GEN  19 


MEASUREMENT  OF  CONTROL  FORCES  IN  AIRCRAFT 
FLiarr  testing 


1.  The  measurement  of  control  stick  forces  (longitudinal  and  lateral)  in 
flight  testing  is  undertaken  for  data  analysis  and  specification  compliance 
requirements  of  the  following  aircraft  flying  qualities: 

a.  static  longitudinal  stability; 

b.  manoeuvring  longitudinckl  stability; 

c.  lateral-directions^  static  stability; 

d.  hsmdling  under  asymmetric  power; 

e.  stalls;  and 

f.  rolling  performsmce. 

1.1  Specification  compliance  is  generally  evaluated  against  FAR  Part  23, 
MIL-F-8785C  (ASG)  and  AvP970.  The  prime  document  for  specification  of  military 
aircraft  is  MIL-F-8785C. 

2.  Static  Longitudinal  Stability.  The  variation  of  longitudinal  control 
force  (Fs)  with  airspeed  about  a  force  trim  airspeed  is  indicative  of  the  static 
longitudinal  stability.  Local  stick  force  gradients  are  importsmt  for  assessing 
an  aircraft's  handling  qualities  at  or  about  various  trinmed  airspeeds.  Plots  of 
stick  force  vs  airspeed,  eg  Figure  1,  assist  in  assessing  qualitatively  the 
presence  of  fozxe  cues  available  to  the  pilot  to  indicate  an  'off-trim' 
condition.  Poor  feedback/sensory  cues  are  particularly  important  when  the 
pilot's  attention  is  taken  away  from  the  fli^t  instrunents ,  eg  cruise  - 
changing  radio  frequencies,  checking  map  routes,  landing  -  outside  scan  pattern 
during  final  approach,  idiilst  heavy  control  forces  give  rise  to  a  tendmcy  to 
overcontrol  and  to  pilot  fatigue. 

2.1  Section  3. 2. 1.1  of  NII.-F-8785C  is  relevant  to  longitudinal  static 
stability  specification  compliance. 


i 
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FIGUBE  1  -  STATIC  LCTWITUDINAL  STABILITY  - 
VARIATION  OF  LONGITUDINAL  CONTROL  FORCES  WITH 
AIRSPEED  ABOUT  A  TRIM  AIRSPEED 


^  Nanpguvring  Lon£ttwliiMil  Stability.  The  longitudinal  control  force  (Fs) 
variation  with  normal  acceleration  (h),  or  'stick  force  per  g*  (Fe/g)  eg  Figure 
2,  is  a  primary  'control  feel'  parameter  and  is  an  indicator  of  longitudinal 
manoeuvring  stabili'^.  The  acceptability  of  a  particular  aircraft's  'stick  force 
per  ft'  will  generally  depend  pn  at  least  the  following  considerations: 


b. 


The  amount  of  manoeuvring  and  the  nature  of  the  manoeuvring  taska 
required  for  mlsaion  aeeoiBplishaMnt.  If  the  aircraft  is  designed 
to  be  manoeuvred  extenelvely,  the  gradient  met  be  lew  e»www|>«  so 
that  the  pilot  is  not  f1atl#ied  exeessivelF.  However,  the  gradient 
must  not  be  too  low  or  the  oentrel  feel  any  be  toe  light  and 
sensitive.  Additienallir,  there  may  also  bo  inadeqvate  protection 
against  inadvertent  everetreas  with  a  lew  force  gradieiit. 


ef  Vbm  aircraft. 


The  Halted  load  factor  or  'g  teleranea* 

Obvleualy  the  Fs/g  aust  be  lii#i  eaei^  to 
ovmtreoa.  OradtMits  auat  be  MUiar  far  aireraft  with  lew  a 
toleroncoa  than  fbr  aircraft  with  ld#i  levela.  the  pllat  rlAtly 
eppeeta  Mlaaed  atiok  fareaa  f  f  wum  the  alaemft  la 
aaneauvred  near  Its  Halt  lead  faster. 
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FIGURE  2  -  LONGITUDINAL  MANOEUVRING  STABILITY  - 
VARIATION  OF  LONGITUDINAL  CONTkOL  FOkCE  wtTH  N6ftMAL 
ACCELERATION  OR  » STICK  FORCE  PER  C» 


3.1  It  is  very  desirable  that  the  plots  of  longitudinal  control  force 
versus  normal  acceleration  be  linear  within  the  range  of  normal  accelerations 
which  would  normally  be  attained  during  manoeuvring  tasks  in  operational  use. 
Some  non-linearity  must  be  siqpected  in  all  aircraft;  however,  the  departure  from 
linearity  should  be  gradtal. 

3.2  If  the  variation  of  normal  load  factor  with  angla-of -attack  is  linear 
(*V^f  applicable  specification  limlta  for  the  local  Fs/g  radiant  can  be 
plotted  on  the  longitudinal  control  force  ourvas  aa  an  aid  in  determining 
speoifioatlon  compliance.  The  relevant  asctiona  of  NXL-F-8785C  are  3.2. 2.2  and 
3.2. 2. 2.1  (including  Table  5). 

4.  Lateral-Directional  Static  St^liity.  Lateral-directional  static 
atabillty  ^aractoristioa  are  qunti^ied  conducting  a  ntmber  of  steady 
heading  side-elipe.  Aileron  fbroe.  Fa  (lateral  control  force)  variation  with 
aide-elip  angle acaetimea  referred  to  as  apparent  dihedral  effaet,  (C£/),  haa 
a  aajor  influence  on  lateral-direetional.trinability  end  the  eaae  with  whi^  the 
pilot  can  ocntrel  bank  angle  eith  rudder  inputs,  ag  Figure  3.  If  the  variation 
is  negative  sueh  that  left  lateral  ocntrel  foree  la  rscpiii^  In  left  sids-ellpa, 
and  vice  versa,  ths  stri»ilit|r  derivative,  Qfjit  !•  Imewn  to  aidiibit  a  negative 
sign.  This  results  la  positive  dihedral  effect,  ie  ths  airertft  tends  to  roll 
eppesits  to  the  indueed  sid»«lip.  leas  dagrss  of  positive  dihedral  effeet  is 
dasirahle  for  satisfaetorF  latsral^dtraotleasl  flying  eualltiest  heuevar,  it 
should  not  be  so  strong  as  to  regutre  eneeaaivo  ailerea  Ibrse  or  dsflaetien  to 
eeatrol  bank  sngls  in  eids-slipe.  Za  additien,  the  variatiea  of  Fa  idLth  0  should 
be  assantlslly  Itewr.  Hslsvait  oeeUens  of  REUf-fFMC  are  3.2.S.7,  S.3.«, 
3,3.d*S,  3»3*d.3*l  and  3,3«d*3.'8. 


3 


A-4 


ANNEX  A 


LEFT 


FIGURE  3  -  UTERAL-DIRECTIONAL  STATIC  STABILITY  - 

aileron  FOWig  (UTiiHAL  (iu¥rHUL  FUHUB)  VAHm'iumrrrH 

SIDE-SLIP  ANGLE  < APPARENT  blHEPRAL  EFFECT  (C/4)) 


5.  Asynwetyic  Power.  Lateral  and  longitudinal  control  forcea  are  measured 
during  aeynmetrlc  power  testing  for  the  purposes  of  complementing  the  qualitat¬ 
ive  assessment  of  an  aircraft's  handling  qualities  after  a  loss  of  thrust 
condition.  They  are  also  analysed  for  specification  compliance,  the  relevant 
sections  of  MIL-F-878SC  being  3.2.3.7,  3.3. 9.1,  3. 3. 9. 2  and  3.3. 9.4. 

6.  Stalls.  In  stall  testing,  it  is  important  to  quantify  tlie  stick  forcea 
experienced  by  the  pilot  during  stall  approach,  stall,  and  stall  recovery. 
During  testing,  the  aircraft  is  trlmaed  at  a  speed  somewhere  above  the  esqpeeted 
stall  speed  (usually  1.2  to  1.4  Vs)  and  decelerated  slowly.  By  measuring  the 
longitudinal  stick  forces  during  the  various  phases  of  the  stall  the  physical 
cues  for  an  impending  stalled  condition  can  be  defined. 

7.  Rolllna  Performance.  In  determining  the  rolling  perfwmance  of  an 
aircraft  (generally  the  time  to  roll  through  a  given  bank  angle  change),  roll 
control  forces  are  measured  tor  specification  complianca.  Saction  3.3. 4.3  of 
IIIL-F-878SC  assigns  maxiaum  and  minimum  limits  to  the  control  forces  asaociated 
with  nesting  certain  levels  of  roll  parfornanoe  (depending  on  aircraft  role). 
Latnwil  control  forces  ra^iired  to  obtain  the  rolling  parfonaanca  nacaasary  for 
wioua  mission  tasks  should  ba  ccnfortabla  for  the  pilot.  Foroas  of  too  largo 
or  too  small  a  nagnituds  oause  objaetionabla  slqggiahnass  or  sanaitivity  in 
rasponso  to  small  lateral  oontrol  inputs,  ns  masimum  and  alnlaan  fOreso  whi^ 
are  aoosptabls  in  any  aircraft  depend  on  the  mlasion  of  the  airoraft.  Xn 
gsnsral,  lowor  lateral  oontrol  forcas  are  daslreblo  for  hl|^  mmenwrehlllty 
atreraft.  Xf  the  aircraft  is  aguippsd  with  a  ohsal  or  yelis  ^rpa  oaohplt 
eentroller,  hl#iar  Imteral  oontrol  torotm  nsy  bo  aooeptad  alaoo  the  pilot  is 
abla  to  apply  both  hMds,  thus  laner  feroos,  to  the  oontrol. 
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7.1  The  measurment  of  usable  lateral  control  force  data  during  rolling 
manoeuvres  is  difficult  unless  automatic  recording  devices  are  available.  The 
hand-held  force  gauge  (traditional  equipment)  is  usually  too  cumbersome  and 
annoying  to  utilize  for  in-flight  measurements.  The  preview  test  aid  would  not 
be  subject  to  this  problem;  however,  the  read-out  may  tend  to  indicate  the 
transient  lateral  force  applied  during  the  sharp  control  input  instead  of  the 
steady  state  control  force  of  interest,  depending  on  display  integration  times 
chosen. 

6.  Mlscellmeous .  Longitudinal  control  forces  are  measured  in  a  number  of 
other  flight  phases  for  the  purpose  of  specification  compliance.  These  areas 
relate  to  take-off,  landing,  dives,  side-slips  and  cross-wind  landings.  The 
relevant  sections  of  MIL-F-8785C  are  3. 2. 3. 4.1,  3. 2. 3. 5,  3. 2. 3. 6,  3. 2. 3. 7  and 
3. 2. 3. 3. 2. 

9.  Comment.  From  the  preceding  presentation,  there  are  a  number  of  areas 
of  aircraft  flying  qualities  assessment  that  require  the  measurement  of  control 
forces  (either  longitudinal  or  lateral).  A  control  force  measuring  device  such 
as  that  described  provides  the  test  pilot  with  a  comfortable  piece  of  equipment 
with  which  to  obtain  accurate  data  for  quantitative  analysis  of  aircraft 
stability  characteristics. 

9.1  As  tests  for  aircraft  stability  and  control  involve  dynamic  manoeuvres, 
it  is  desirable  that  a  peak  value  recording  mechanism  be  incorporated.  This 
would  reduce  the  pilot's  workload  during  manoeuvre  stability  and  roll  perform¬ 
ance  testing. 
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ALTERNATIVE  MOUNTING  OF  FORCE  INDICATOR 


This  position  for  the  display  was  requested  by  Mirage 
pilots  as  their  view  of  the  wrist-nounted  display  was 
Obscured  by  the  oxygen  mask,  the  control  coluan  handgrip 
being  lower  and  closer  to  the  body  in  that  aircraft 
than  in  the  Nacchl. 


